The purpose of the study was to discover the independent and combined effects of age and duration of injury on selected long term health outcomes of 83 spinal cord injured (SCI) men (age range 21-79 years; duration of spinal cord injury 3-52 years) _ Specifically, the study examined a multivariate model which specified that age, duration, the interaction of age and duration, and level of lesion were related to the following health outcomes: pain, fatigue, functional independence, mobility, illness and symptomatology, perceived overall health, social support, life satisfaction, and economic stability. Age had significant main effects on three outcomes. With increasing age, the sample experienced more fatigue, decreased activity (due to pain), and more overall satisfaction with their lives. Duration of SCI showed significant main effects on two outcomes. As subjects lived longer with their SCI, they felt less financially secure and experienced more symptoms and illnesses. Significant interaction effects of age and duration of SCI were found for two outcomes. Older age combined with longer duration of SCI amplified subjects' perceptions of financial insecurity, and threats to health. The findings send a clear message to service-providers and policy makers about the added vulnerability of older disabled individuals, about the need for extra vigilance in health care issues, and about the necessity of a social-economic safety net for already disadvantaged individuals.
Introduction
The life expectancy of persons with spinal cord injury (SCI) has increased dramatically in the past 20 years as a result of scientific advances in medical care and rehabilitation.1 , 2 Only recently, however, has informa tion become available about the effects of longevity on disabled individuals_ With the passage of time, these people must cope with the effects of two simultaneous processes: aging and increasing duration of disability. Research to date has only begun to recognize that aging and duration of disability are two discrete factors, with potentially independent effects on outcomes. The aim of this research was to begin to disentangle the effects of long term disability from the effects of aging_ Persons with long term SCI have reported that, as a result of surviving longer than any previous cohort of severely disabled people, they are having to break new ground.3 There has been a lack of information and research available to plan services that are designed to meet their needs. In order to plan timely and relevant programs for this group, the impact of both increasing age and increasing duration of spinal cord injury need to be understood.
Recently there have been a number of published studies of the effects of long term disability, including spinal cord injury. [4] [5] [6] [7] [8] [9] [10] [11] [12] Changes have been reported in mobility, independence, social support, life satisfaction, quality of life, and economic stability,13-18 How ever, very few have specifically examined the effects of increased duration of disability, or the interaction between duration of disability and the aging process. Duration of SCI and age are often significantly corre lated in spinal cord injured samples_ 11, 13, [19] [20] [21] In those studies that have considered both age and duration of disability, it is not clear whether and how one variable was controlled while examining the other. 9,1 3 ,16,18 As a result, while some information is available as to the effects of time on persons with spinal cord injury, whether to expect changes after 15 or 20 years of SCI, or not until later life, is not year clear.
While it is important to understand the effects of aging on persons with long term disability, it is essential in the sample population also to recognize the effects of duration of disability. Since the mean age of onset of SCI is 29 years,22 someone 15-20 years post injury might only be in his/her forties. Focusing solely on the effects of aging will risk missing those effects of long term disability that may occur at a relatively young age.
Following interviews of 34 persons with an average duration of SCI of 22 years, and a relatively young mean age (45 years), Corbett (1987) noted that this group had already begun to report increased levels of fatigue, pain, and various physical problems. 23 The subjects feared that their independence would be jeopardized by the effects of both their own aging and the aging of their caregivers. The young mean age of this group highlights the need for more information regarding the impact of duration of disability on long term outcomes in persons with spinal cord injury.
Based on clinical observation, it has been suggested that persons with SCI experience premature physio logical aging, which in turn decreases their physical and emotional reserves to withstand disease, fatigue, or handicap. 24 Findings from studies of persons with longer term paraplegia suggest that the prevalence of upper limb pain and pathology is associated more with increased duration of injury than with chronological age. 4 , 7,8 , 19,20 However, in only one of these studies,19,2o the research design and analysis permit the confound ing effects of age and duration of SCI to be separated, with the findings suggesting that duration of SCI influences the development of shoulder pain more than older age.
The study of human aging is a vast and complex field with ongoing efforts to develop and test comprehensive theories of aging that incorporate biological, social, psychological, and cultural factors. 25 , 26 Aging is a multifaceted phenomenon and the pro cess and patterns vary among individuals and groups depending on rate of biological change, changes in physical or mental health, environmental changes, and previous and current economic status.27,2 8 When inter preting studies of aging, gerontologists attempt to differentiate between three influences. These are maturational or aging changes; changes caused by period or historical effects; and differences between ages that are characteristics that persist throughout each group's lifespan. These latter cohort or genera tional effects are in part a function of the age-group's intersection with history. 29 Based on her examination of spinal cord injury, and later life, Trieschmann outlined a model to explain the impact of aging on this population. She proposed that the functional behaviour of persons with spinal cord injury results from their achievement of a tenuous eqUilibrium between their organic and psychosocial abilities and their environ ment; and that the biological changes associated with aging disturb this balance, necessitating adjustment and compensation in the psychosocial and environmental realms.3 0
There have been extensive investigations into the problems encountered by the able bodied population as they age. Common problems include: declining health, activity limitations and dependency, declining income, and widowhood. Health and income have been identi fied as the two factors most highly correlated with well being and the ability to retain independence in later life.31 Current research shows that people with spinal cord injuries report similar issues associated with aging, specifically: loss of independence, financial concerns, and social isolation.11,21 However, Krause and Crewe (1990) surveyed a young sample with long duration spinal cord injury (> 15 years) and found similar concerns: lack of income, pain, lack of access, health problems, boredom, and dependency.lO Thus, the effects of duration of SCI versus chronological age are not clear.
In order to plan programs, services, and interven tions that meet the needs of persons with SCI, we need to understand the effects of time on this population. This includes being able to identify and anticipate the effects of aging on persons with SCI, as well as understanding the changes that are associated with duration of disability or the interaction of the two. The specific objectives of this study were to determine, in persons with a long term spinal cord injury, which of a list of issues commonly associated with aging are functions of age, which are functions of long term disability, and to describe the interaction of the two.
Methods
The purpose of the study was to discover the independ ent and combined effects of age and duration of SCI on selected long term health outcomes in spinal cord injured men. Specifically, the study examined a multi variate model which specified that age, duration, the interaction of age and duration, and level of lesion were related to the following health outcomes: pain, fatigue, functional independence, mobility, activity level, ill ness and symptomatology, perceived overall health, social support, life satisfaction, and economic stability.
Multiple regression analyses were undertaken to test the models described above. In all, thirteen equations were evaluated: one for each of the outcomes of interest. In each case, four variables were initially entered in each equation: age, duration of spinal cord injury, a multiplicative interaction term of age and duration, and level of lesion. A backwards stepwise approach was taken, with the criterion (P < 0.10) for variables to remain in the equation, and (P < 0.05) for variables to be considered significant.
Subjects
A toal of 83 men with a traumatic spinal cord injury were recruited from the records of the Lyndhurst Spinal Cord Centre (LSCC) , the Bawden Rehabili tation Unit of Kingston General Hospital, and the membership of the Canadian Paraplegic Association Ontario (CPAO). Women were excluded from the sample in recognitiion of the known influence of gender on the aging process and on coping with a disability. Work is currently underway to reproduce the study with women.
Since chronological age and duration of disability have been shown to be correlated in spinal cord injured samples,11. 13,19-21 the sample was carefully selected to allow analysis of the effects of these two independent variables.
Sampling was purposive and subjects were recruited into the four categories; young age short duration; young age long duration; old age short duration; old age long duration (Table 1) . Although age and duration of SCI were used as continuous variables in the data analysis, sampling age and duration were considered two categories (aged less than 40 years and aged more than 50 years; injured less than 5 years and injured longer than 15 years), in order to obtain a maximum contrast in these variables within the sample. The age of 50 years was selected as the cut-off for the older group for two principal reasons. Firstly, the literature suggests that persons with spinal cord injury may experience 'premature aging' . 5 ;1 8,2 3,24 Furthermore, the more subtle age-related changes known to be experi enced by able bodied persons in their fifties may have very profound functional implications for persons with disabilities.3 1,32 Descriptive statistics for the sample are provided in Table 2 .
Procedures
Ethics review and informed subject consents were completed. Potential subjects were recruited via a mailed information letter followed by a telephone call to explain the study. Of 88 persons contacted five refused, leaving the final sample of 83. Participants were then interviewed in their own home (as distance permitted) or by telephone, by a trained interviewer.
Interviews lasted approximately 1 h. Information was collected on the following variables: independent variables: age, duration of SCI; dependent variables: overall perceived health, pain, symptoms, fatigue, functional independence, satisfaction with mobility, social support, financial security, activity level, and life satisfaction; and confounding variable: lesion level.
Instruments
The instruments are described below. Prior to analysis, the psychometric performance of the instruments with this sample was checked using factor analysis to confirm unidimensionality, and Cronbach's alpha to confirm internal consistency reliability.
Generally, unidimensionality was shown to be very high, with a range of first factor loadings of 53-75%. For two instruments, the factor loadings were lower, and these are discussed below (life satisfaction and pain). Internal consistency reliability for all scales was also good (range r = 0.057-0.96).
Perceived health was assessed using two single Likert indicators that addressed current state of health and future concerns. The items have been used previously with a variety of aging and disabled popula tions.ll,21,34, 3 6 Pain was measured usng the Multidimensional Pain Inventory (MPI). 3 7, 3 8 The inventory consists of three sections designed to measure subjects' perceptions of pain experience, its impact on their daily functioning, and pain effects on the spouse. The instrument consists of 61 Likert-scaled response items, and generates a percentage score. This multidimensional pain assess ment has reportedly demonstrated good reliability and validity. 3 7 Based on statistical evaluation of the inventory's performance in this study, the subsections were modi fied prior to analysis. In Section I: Pain Perception, seven of the 28 items were eliminated due to low or negative item total correlations. For the same reason, one of the 14 items in Section II: Response of Significant Others, and four of the 19 items in Section III: Activity level were eliminated. Subsequent to the modifications, for all three subscales, the first factor still explained a fairly small proportion of the variance (Section I: 47%; Section II: 35%; Section III: 39%), although the internal consistency reliability coefficients were high (Section I: r = 0.93; Section II: r = 0.91; Section III: r = 0.89). The instrument was originally designed for persons with rheumatoid arthritis, which may explain, in part, the low item total correlations.
Subjects were asked to identify their current condi tions/symptoms from a prepared list of 18 items. Due to the disparate nature of the checklist items, uni dimensionality was not expected or found. Internal consistency reliability was good ( r = 0.57).
Fatigue was measured using the Fatigue Severity Scale (FSS).3 9 The instrument was designed to evaluate the severity of fatigue and its impact on daily function ing. A composite numerical score is derived from nine Likert model statements. Internal consistency, validity, sensitivity, and test-retest reliability have been estab lished.3 9 Normative data are available for healthy able bodied adults.
Functional independence was measured using the Functional Independence Measure (FIM). 40 The FIM is a brief, standardized measure of activities of daily living, used widely in rehabilitation. It results in a percentage score, and normative data are available for a number of populations.
Subjects' satisfaction with mobility was measured using three items related to mobility from the Reinte gration to Normal Living Index (RNL). 4 1 The RNL was developed to measure the extent of reorganization of physical, social, and psychological characteristics of an individual so that they can resume well-adjusted living after illness or trauma.
Social support was measured using an adaptation of Interpersonal Support Evaluation List (ISEL)
Financial security was assessed using the Financial Stress Scale (FSS)44 which measures the degree of current financial strain in various areas of an indi vidual's life. In addition, amount and source of income questions were adapted from the Health and Activity Limitation Survey (1988) on the demographic data collection form. 34 A 12-item measure of life satisfaction was used.45.4 6 The items tap satisfaction with health, finances, family relations, employment, friendships, housing, living situation, recreation, religion, self esteem, transporta tion, and life in general. The measure is widely used, and has good reliability and validity. With our sample, the first factor explained a relatively small proportion of the variance (38%), but the internal consistency reliability was high ( r = 0.78). The unexplained vari ance may result from the heterogeneous nature of the items contributing to life satisfaction (health, finances, family relations, housing, religion, transportation, etc). Krause (1992) also found that life satisfaction post SCI is not a unidimensional construct. 9 However, the high internal consistency reassures us of the inherent relatedness of the 12 aspects of life satisfaction.
Results
For six of the outcomes of interest (mobility, pain experience, pain effect on spouse and all three types of social support), the model containing level of lesion, and mean and interaction effects of age and duration, was found not to explain a significant amount of variance (Table 3) .
For one of the outcomes, functional independence, only the confounding variable, level of lesion was found to be significantly related to outcome. As expected, the higher the lesion, the lower the individual's functional ability.
For the remaining six outcomes (mobility, pain experience, pain effect on spouse and all three types of social support), age and duration of disability were found to have significant main and/or interaction effects.
Age was found to have a significant positive main effect on fatigue and life satisfaction, and a negative main effect on activity level (Table 4) . Thus with increasing age, our sample experienced more fatigue, a reduced activity level, and more overall satisfaction with their lives.
Duration of spinal cord injury was negatively related to economic stability, and positively related to the number of symptoms experienced. As study partici pants lived longer with their injury, they experienced a diminished sense of economic security, and more symptoms and illnesses.
Interaction effects of age and duration were detected in relation to two of the outcomes of interest. A positive interaction was evident in relation to economic stability, in addition to the main effect of duration just mentioned. Thus while subjects experienced less eco nomic stability as they lived longer with their injury, this effect was amplified or aggravated when old age was combined with increased duration. A positive interaction effect of age and duration was also found in relation to perceived health, in the absence of main effects for either age or duration. This suggests that while neither age nor duration alone significantly affected perceived health, the two together had a significant effect on the perception of health.
Discussion
To summarize, the study shows that the age of a man with a SCI has a direct effect on his life satisfaction, activity level, and fatigue. Further it shows that the duration of injury has a direct effect on health and economic stability; and that the effect of duration is exaggerated in the presence of old age for older spinal cord injured male adults.
As regards the relationships between chronological age and outcomes, it appears from this study that regardless of duration of injury, as men with SCI grow older, they experience increased fatigue, their activity level decreases, and their life satisfaction improves. As this is a cross-sectional study, the results need to be interpreted carefully since there is no longitudinal dimension and certain exposure variables, such as environmental effects, may have changed over time or varied among different age cohorts.
The findings regarding fatigue seem consistent with previous studies. In her review of literature on aging and spinal cord injury, Crewe (1990) concluded that fatigue was the most common complaintY Gerhart et at (1993) also found fatigue to be a major concern for their aging sample. 14 Assuming that fatigue is related to losses of muscle strength, Pentland and Twomey (1993) found that age predicted strength declines in some upper limb musculature, but better predictors tended to be factors such as duration of spinal cord injury and lesion level.l 9,20 Fatigue itself is a complex multifactor ial phenomenon and may result from a variety of causes, such as poor sleep, depression, or anxiety, as well as decreased muscle strength, endurance, or pathology. Pathology likely was a factor in the fatigue indicated by some subjects since 19% reported having had a significant illness, injury, or surgery in the past year. 4 8, 4 9 This study examined self-perceived fatigue and did not attempt to determine cause. However, it is important to note that intervention against fatigue may be possible. While muscle strength does decline with age in the general population, Vandervoort, Hayes and Belanger (1986) have found that it is trainable through out the lifespan, and that conditioning can offset, at least in part, age-related declines. 31 The study als9 found decreases in activity level related to increasing age. This finding may be due to strength losses, reduced endurance, or general fatigue, but numerous other factors have also been found to influence activity level in older persons with disabili ties, includin� pain and stiffness, medical problems14 and income. 5 Of note in this study is that although age is related to increased fatigue and reduced activity Effects of aging and SCI duration W Pentland et al levels, functional independence did not appear to decline with age. It may be that fatigue does not (or subjects do not let it) interfere with the type of self care activities measured by the FIM, but that with age, fatigue does constrain the normally more rewarding activities related to getting out and interacting in the community.
With regard to the relationship between age and life satisfaction, there appears to be a lack of consensus in the literature as to how life satisfaction changes with age in persons with spinal cord injury.n , 1 5 ,16,18 Further, in the majority of studies, it is not clear how the potential confounding effects of duration of injury were managed in the analyses. Life satisfaction in the SCI population has been shown to decrease with age; 18 increase or remain stable; 15 and not be related to age at ally , 16 In the present study, life satisfaction was explained by age, independent of duration of injury. The reason for this may be in part either a cohort or historical effect secondary to different social and environmental conditions over time. IS It may also be due in part to the fact that, unlike previous studies, our analysis controlled for the effects of duration of injury. Nevertheless, it must be acknowledged that the exami nation of life satisfaction in the SCI population is complex, as it appears to be a multidimensional construct.5 ,9 It follows then, that the varying content of the measurement instruments used in different studies will influence the outcome. Furthermore, this is a cross-sectional study, and the difference in life satisfac tion between age groups, exclusive of duration of injury, may simply be a reflection of differing expecta tions and values between the younger and older age cohorts. Longitudinal studies would help to unmask this effect.
As regards the relationships between duration of spinal cord injury and outcomes, the findings were that in men, independent of age, duration of spinal cord injury predicted an increase in medical symptoms, and a decrease in perceived financial security.
In contrast to our findings, a longitudinal study of persons with SCI found that satisfaction with finances improved over time. 15 Explanations for the difference in findings between the two studies include the use of longitudinal versus cross-sectional methods, and demo graphic (cohort) differences between the two samples. The sample in this study differed from Krause's (1992) in that it was on average older and injured longer. 15 Further, 23% of our sample were employed versus 50% employed in Krause's (1992) study. 15 Finally the studies were conducted in different countries (Canada and USA), where health care, financial, and social support programs for persons with disabilities are known to differ.
The negative effect of duration of SCI on perceived financial security was even further exacerbated by increased chronological age. In this sample, financial security may have been perceived to be threatened by an expected increase in medical symptoms and in creased age and duration. The financial impact of these increased symptoms would be experienced in their decreased ability to work, and the added need for assistive devices and paid assistance.
The most frequently reported increase in medical symptoms experienced by those subjects with longer durations of SCI were bladder infections, stomach problems, pressure sores, respiratory problems, fatigue, and bowel problems. It is not clear why perceived health did not also decline with duration of SCI, as medical symptoms increased. Perhaps to some extent the subjects expected increased symptoms over time, and thus in ratings of perceived health, there was no discrepancy between their actual and expected health with duration of SCI. Whiteneck et at (1992) also reported an increase in symptoms over time in persons with SCI, but it is not clear how the effects of age and duration were separated out. 18 They found age to be more associated with systemic problems (cardiac, internal, and nervous systems) and duration of SCI to be more associated with musculoskeletal problems. In the general population, an age-related increase in medical symptoms has also been documentedY The association of increased symptoms with duration of injury in the SCI population suggests that some of these symptoms may occur earlier in adulthood in those with long term spinal cord injuries.
With regard to interactive effects, age and duration interacted to compound the negative effects of age on perceived financial security, as discussed above. Per ceived health was also negatively affected by the combined effects of age and duration of SCI. Consist ent with our findings, Fuhrer et at (1992) found no main effect of either age or duration of SCI on perceived health, but they do not appear to have examined interaction effects. 13 A number of the outcome variables examined were found not to be explained by age, duration of SCI, or the interaction of the two. These variables were: functional independence, satisfaction with mobility, two subscales of pain (perception, spouse response), and three dimensions of social support (instrumental, emotional, informational). There is only a small body of literature examining the impact of time (age and/or duration of SCI) on these variables in the spinal cord injured population. Whiteneck et at (1992) found that mobility declines with age, but not with duration of SCLl8 In our study, satisfaction with mobility (home, community, out of town), rather than mobility per se, was measured. It is not clear specifically how White neck et at (1992) measured mobility, but it appears that they combined items related to satisfaction and fre quency of outings. 18 Based on our findings, it appears that although number and frequency of outings may change over time, satisfaction with mobility does not. As outlined in the discussion of life satisfaction, there may be a cohort or historical influence here, related to the older subjects' expectations for their mobility level in later life.
The experience of pain, and significant other's response to it was not predicted by age or duration of SCI in our study. In a study of men with paraplegia, shoulder pain was shown to be associated with duration of injury, exclusive of age. 19 . 20 Differences in findings may be explained by the data collection instruments and the inclusion of persons with tetraplegia in the sample of this study.
The failure of age or duration of SCI to predict the perceived availability of various types of social support is a positive finding, and is congruent with research on the general population which suggests social network size is similar among middle-aged and older adults5 1 and that older people are satisfied with the adequacy of their social networks.5 2 Fuhrer et at (1992) also examined social support in a long term SCI sample and found it was not related to either age or duration of SCI. 13 While increased age was related to decreased activity levels in this sample, functional independence, as measured by the FIM, was not. The tasks rated in the FIM are primarily self care tasks. It may be that independent performance of these tasks in persons with SCI does not decline until well into later life. Fuhrer et at (1992) also found no relationship between function as measured by the FIM and age, and duration of SCI. 13 In contrast, using other measures, Gerhart et at (1993) and White neck et at (1992) found that function appeared to decline with age, but it is not clear how either controlled for duration of SCI. 14 , 18
Conclusions
In conclusion, the study clarifies the relationships in men of age and duration of SCI to a variety of important outcomes. In males, age appears to affect outcomes that are not obviously related to the presence of SCI: fatigue, life satisfaction, and activity level. Duration, on the other hand, especially when com bined with old age, affects two outcomes that are essential to satisfactory survival of disabled individuals through older age: health and financial security.
